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ABSTRACT
Many new directions for science teaching were
developed during the post-Sputnik era. Hands-on science teaching
remains a popular direction, yet may be seen as something complex or
mysterious by those not familiar with some of the jargon which
usually accompanies any discussion of science tz2aching. This paper
responds to several questions teachers may have about hands-on
science teaching. These quastions include: What is hands-on science
teaching? What are the benefits and liabilities for teachers and
students? What should be taught? How should science be taught?
Focusing on discovery as hands-on teaching/learning, the nature and
benefits of discovery learning are explored, including the use of
this teaching method in elementary school science programs. Since the
teaching of processes is fostered, examples of what children can do
when observing, classifying, measuring, communicating, inferring, and
experimenting are¢ provided. Various instructional strategies teachers
can use, including questioning techniques, are also provided.
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WHANDS" -~

How About New Directions in Science Teaching?

Many new directions for science teaching were developed during the
post—Sputpik era. Hands-on science teaching remains a popularAdirectioﬁ,
yet may be seen asesomething»complex or mysterious by those not familar
with some of the jargon which usually accompanies any discussién of sciegnce
teaching.d This brief paper hopes to present my responses to several
questions you may have in mind about hands-on science teaching.

1. What is hands-on science.te;ching?

An approach to teaching a subject should grow out of the philosophical
basis for its definition. .While you will find probably as many definitions
of. science as there are teachers, you will also find common eleﬁents whi;h
comprise its definition. Carin and Sund (1980), highly regard science
educators, tell us that science has three major elements: attitudes,
Processes or me?hods, and products. Attitudes are regarded as certain
beliefs, values, or opinions one has relative to science. These attitudes
affect subjectivity or obﬁeélivity during the study or act of sciencing.’
As may Be\implied through the effects attitudes have, the processes or
methods of investigating the problems of science, the way of going about |
the completion of a task, prcvides a way of permitting one's attitudes to
be expressed. Examples of processes tyf&cally are observatiohs, iﬁferences,
analyses, ard evaluations méde in response to science activities. Careful

use- of processes help the~iny§§t§§g§or make discoveries and become what are

regarded as the findings or products of science.

a
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For nany years it has been a practice to focus.on the learner's
attainment of products, €.8., the learning of facts, principles laws, ani
theories, as evidence of scientific learning. But focusing only on pro-
ducts diminishes the development of the attitudes and processes_of science.
Yerce, learning is incomplete. Therefore it appeaxrs there is much more
to learning science than jmplied by its Latin translation -- knowledge.
A vital part of learning science encompasses attitudes and bg?cesses.
In fact, a goal of contemporaXy educators is the training of well-rounded
students, those who possess qualities of the three major elements. This
N
,goal is called scientific litexacy. ‘
‘ What does this have.tc do wiph hands-on science? The approach to
teaching children science “eea shonld grow out of what we know about the
processes and products of science, howdthey learn best, what goals and ob-
jectives we have in science education, and what relationehips are arong
science, humanism, values, and our concerns for the environment” (Carin
& Sund, 1980, p ?4) Because each learner is unique, it is difficult
to select absolutely one best way to teach all children. But, one approach
to teaching science does scem to address the three major elements and the\
above aspects of learning petter than others. This method often is called
discovery or inguiry teaching/learning and is most of ten stressed in the
major federally and privately funded science programs. In short, discovery
may be called "hands-on” teaching and learning.

A The experiences afforded children when they are given an opportunity
to manipulate objects are numerous. Those schooled in Piagetian principles
of learning recognize the importance of concrete experiences for children
in various -stages of mental development, yet not capable of sustained

learning through abstract operations. Hands-on lessons are designed so
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i studerts, through their own mental processes, discover concepts and prin-

r ciples fcc themselves. Students learn by working with their hands and minds.
The opposite of helping-children discover or learning through hands-on .

3

exercises is‘telligg them. "To make their own discoveries, students must
perform certain mental processes such as obserViné; classifying, measuring,
predicting, describing, and inferring” (Carin & Sund, 1980, 74). The fun,
challenges, frustraiions, and accomplishments of hands-on leanning con-
tribute to_well—roundedNQealistic attitudes.

Because learners are unique, it is difficult to find one best method
of teaching all children. It is fair to‘Challenge the 'idea that hands-on
teaching/learning may be best for all. Also, io be fair, hands-on methods
do have liabilinies, but do the liabilities outwelgh the berefits? In the

next section we will examine recent research to help us answer this question.

2. What are the benxfits amd liabilities for teachers and students?
"%
Hands-on learning is suggested because the discovqry made pbssible
by the approach seems to incoxrporate the best of what is known about the

processes and products of science, how children best learn, the goals of

science, and the interrelationships among science, values, and human con-
cerns for the environment. Some of the advantages‘often stressed are that
children learn how to learn, are rewarded by their learning, are active
participants rather than passive recipients cf knowledge, learning is moxre
easily transferred and builds positive self-concepts, and children become
responsible learners. ’

Hands-on teaching/learning and discovery processes are quite flexible.

They may take three basiceformss guided less structured, and free. These

forms are frequently found in some combinationAin the methods specificaIly B




sugges ted by popular curriculas écience - A Process Aproach (SAPA),
Science Curriculum Improvement Study (SCIS), and Elementary Science Study
(Ess). (A discussion of some’ of these t;aéhing/leérning processes
will be taken up during question h;) Many studies have been conducted
over the pagt years to determine the efficacy of these programs. You
might ask, "if they are so good, why doesn't mypschool district use them?"
Expense, too much teachex prepéfation'time, apd the students didn't seem
to learn are three COMmON. Teasons given. Bach of these reasons has merit,
bpt it is the third, i.e., student learning, which can legitimize the
first two. If there are no benefits for students, then it is difficult
t0, justify extra expense and téacher preparation time. Critics accept
\\%his argument and interpret no student benefits as being all that is
\ieeded to justify going "?ack to the basic" traditional textbook ori%n—
tations found before the "new" elementary curricula of the 1960's. But
were the "new," hands-on curricula really no more effective than "back
3 To £ird out, Shymansky et al. (1982) analyzed nearly 100 independent
studies that compaxred %he performance of children in SAPA, SCIS, or ESS
classrooms with the performance of children in what are regarded as tradi-
tionaliy taught, textbook oriented classrooms. "The average student in
the ESS, SCIS, or SAPA classroom performed better than 62% of the students
in traditional classrooms across all performarce criteria measured ~ --
a 12-percentile-point gain" (Shymansky, 1982, p. 14). Shymansky et al.
(1982) provides a profile comparison of synthesized data for the hands-on

programs in the following table.

to basics" proponents suggest? -
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Performance Improvement for Students in Classrooms
* Using ESS, SCIS, or SAPA as Compared to Students
) in Traditional Classrooms .
Performance Percentile Points Gainad
Area - ESS SCIS SAPA
Achievement 4 34 7 '
Attitudes , 20 3 15
Process Skills . 18 21 36 ,
Related Skills . - 8 4
Creativity % 26 34 7.
Piagetian Tasks : 2 5 12
*Ne sludies reporied.

As to the claim that children taught by the new programs didn't learn,
Shymansky et al. (1982) has the,following to say.

"We analyzed 20 studies that compared,student achievement in new
science curricula with achievement in traditional progranms. Measured in
percentile point differences, students in ESS classrooms scored 4 points
higher than situdents in textbook-based classrooms; students in SAPA class-
rooms scored 7 points higher, and those in SCIS classrooms scored 34 points
higher. When|we examined the studies for possible test or experimenter
bias favoring students in the new curricula, we found no evidence of bias.
The results were consistent when either standardized or special tests
were used. Contrary to a popular notion that hands-on, activity based
science curricula lacked a potent academic content base, we found that

students’' using these three new programs actually outscored students in
the more traditional classrooms -- by as much as 34 percentile points." (p.14)

In sum, the hands-on science programs seeméd to produce improved
attitudes and skills over the levels reported by traditional programs
promoted by."back to basics" g;oups and the perceived lack of rigor.in .
hands-on prograns simply is not supported. The argument used by "back
to basics" groups, i.e., students don't benefit, doesn't.hold. Why then
weren't the hands-on programs widely adopted?

When the hands-on programs were ﬁopular and ﬁidely available many
adninistrators (often without full approval of their teachers) were

attracted and purchased district wide programs like SAPA, SCIS, and ESS. -

Often they did not undefstand completely what the programs involved or

—— t
e

w

~2




6

-

intended to do. A natural consequence was for tbe programs to be

shelved when teachers opposed them. In turn, the textbooks were dusted

o

o

off and put back into service.
\

The hands-on programs of yesteryear can provide many worthwhile ad~

vantages to teachers and students, yet contemporary science educators do

not suggest a complete about face or blind return to these curricula. What

-

is suggested 1is tﬁat teachers, curriculum coordinators, and curriculum ©
selection committees ge—examine the hands-on curricula for activities
and teaching ideas germane to existing programs. If schools/teachers
have relicts gf abandoned hands-on programs which can be examined with

renewed interest, what types of lessons should be selected for teaching?

3. What shéﬁld I teach? f . .
. \

A primary goal of any formégf education is to expand children's
thinking.skills. This, goal is accommodated in the science teacher's
quest for children to attain sclentific literacy. For children to
grow in their tﬁinking, they need opportunities to explore the properties
of objects and share what they've found with others. Bxploration and
sﬁaring suggests a method, a process for exeréisigg thinking. ‘

"What should I teach?" is often answered in terms of the content
or factual knowledge which is prepared by a teacher and learned by students.
Hands-on sclence is concerned with content, but not preoccupied with it.
How the knowledge is acquired may be more important than what is learned.

It is believed that if a student can learn to think and evaluate the out-
come of hié/her experiences, then s/he will be better schooled, a more

critical thinker, more s2ientifically literate. Therefore, rather than select
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lessoné on the basis of content, teachexs aré ﬁiged to screen activities
and materials with a critical eye‘£oward the processes stressed -- the
how of learning.
The how of learning science refers to skilis used during_th% process,
of acquiring knowledge. These skills are sometimes' called science processes -
because scientists use them when Q&ey ﬁork.' In fact, these skills are
common to many fields and evexy da& life experiences. What are these
skilis and how can they be applied in science teaching? .
Thé following science processes have beep adapted from Gegg (1980, °
p. 60-61) and are listed and defined here operationally. Questions a R

€

teacher may ask or directions a teacher may give provide an example of

>

how these processes may be used in the classroom.

1. Childxren observe when they:

-

a. Identify properties of objects by using any or all of the,
senses.

"What does it émell 1like?"

- b. Notice changes in objects or events.

-

’ "How has the aquarium water changed since Friday?"
c. Identify similarities or differences in objects or eventsi
"How are these bones different? Alike?",.
2. Childfen classify when they:

a. Group objects or events by their properties or functlions.
. "Think of one property, such as a certain shape. Sort all =
the objects that have that property into one pile. Leave what
is left in another pile." .

- ¢
b. Arrange objects or events in order, by some property value,

"How can you group these animals by kind and by what they
- . ea.t?"




£ Q.

b.

Q.

a.

3. Children measure when they:

4. Children communicate when they

A towel is dry if it balances an unsoaKed towel from the

f. ' Draw accurate diagiams, pictures, and maps.

5. Children infer when they:

8

-

Use standard tools, e.g., meter stick, ruler, clock,~balance,
to find quantity.

"Who is taller?" : e ,

v . ’

Use familar objects as arbitrary units to find quantity.

"Why don't we get the same number when we use youxr feet to
measure ddstance?"

Make scale drawings or models.

”

"If one inch equals one million miles, how many inches apart
should the planets-be in our model?"

Use simple sampling and estimating technologies.

"How. can we find out about how many grasshoppeis are in
the field?"

-

Define words operationally.

same package."

L]

Describe objects.or events accﬁrately.

-

Make accurate charts and graphs.

Record data accurately as needed.

- .

Construct accurate models.

Distinguish between olservatlion and inference.

"There are two sets of footprints -- one large and deep, the
other small and shallow. One se% was probably made by & man,
the other by a boy."

Intexrpret recorded-data.
Intexrpret data received dindirectly.

Predicts from data.

"Today my plaunt is 10 centimeters tall. Monday I think it will S e
be 11 centimeters tall. :

Hypothesize from data.

- ’ . 1vu
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6. Children §periment when they:

a., Design an investigatioh in which variables are controlled.

v made sure my. seeds were planted the same depth and had
the same, amount of water, heat, and 1ight, but I planted
them in different kinds of soil.”

b. State ﬁypotheses and use othei processes in the investigation.

~

‘v think the seeds in the sandy soil will grow better than
,~= ‘the seeds in 2lay soil."

»
.- - .«
v

The use of processes in teaching/learning has ramifications for the

kinds of questions teachers ask and how they sequence instruction. The
2 < »

next section affords you an opportunity briefly to examine som€ teaching

strategies used imr hands-on classxrooms.

L, How should.I teacﬁ science?

ﬂA hands-on teacher of‘science seldom tells, but often asks questions
and sees little wrong with responding to -student questions with another
question. A pioperIy phrased question is a hint which students cag\use'
to solve their own probleég.\answér.their own questions.

Carin and Sund’(1980) have a partiéularly strong chapter which provides

.

practical tips on qugstioning skiilé. They adwise teachers before devis-'

®

ing their questions to decide the following (p. 90);
[~}
1. What talents are you trying to develop?
2. What s%}ence processes are'you trying to nurture?

3, What subject-matter objectives do you vwant to develop?

Carin and Sund (1980) offer a ready list of suggestions as to the

kind of questions appropriate for children. You will notice the

obvious stress on process skill development in the liét which follows.,

L, What are fhe 1ikely and desireable answers? .
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. R Teachers of primary and lower elementary children are urged to débote
attention asking questions related to (p. 100) - \ I

1. Observing, grouping, measuring, using numbnrs and placing obJects
— - in series ox ordérﬂ o o .-
. 2. Making inferences. ~

3. Using time and space and consexwving substance, length, area.

® 4, Reversibility and making predictions. . +
5. Values and interpersonél relations. ,
¢ > h ]
. Children in the upper elementary grades should be asked questions “

from the above plus thq' follaowing list:
- 1. Forming nypotheses, learning %o control variaﬁleinind design
experiments. ) ‘ .
2. Interpret the results from experiments.

3. Conservation"of weight and volume and making operational defini-

2

tiqns.

-

Q

-

-

Questions are probably the most important tool a teacher has and can

+

be used as fart of an overall method of teaching. During hands-on lessons
teachers oft;n foiiow a type of pattern oxr pycle when Qeaéhing.' A generic
lqarning'cycle which studenisfollow as a result of hands-on teaching has
basically three compgnents: exploration, concept development, and appli-
cation of what they have legrned.

o Bxploration is a less structured phase of ledrning where students are
actively involved with hands-on activities teachers have provided. The .

~

*émphasis is on student observation or study of objects or phenomena

b4
‘ '

. through manipulation. > v

a Y.

Concept deVelopment is a stage- of legrning where the teacher plays

a more attive part. The learning environment is somewhat less flexible than
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/ dﬁring exploration, Here teacher questions serve a vital part of focus-
ing the lesson on the cogcep% to be learned. Teachers may use demonstra-
tions, written materials, or discussion. Emphasis is given to the exper-
iences students had during tﬂe exploration phaseqbecause they now bave a

~concrete, experfential basis for reflecting upon the concepts explored

during the present phase. Any abstract or technical terms mﬁy.be intro-
duced by the teacher or dealt with as they arise from student questions.

The application phase invovles students in éppl;ing what they have
‘\‘learnéd or discovered during the prior lgarning phases to new encounters

or éhenomena; It is a good practice to relate the applicat;pn phase”to

the students' everyday Iives and the common ox mysterious objects/happen-

ings around them. Because of prior hands-on experiences and concepts

developed through thoughtful questioning, students are better able to move

toward applylng what they have learned in more abstract fashions. Critical
thinking is developed by using concrete referents.
Aspects of the generic learning cycle -axe inherent in the teaching

»

strategies used in the major hands-on science programs. Of the three .

mentioned ;;rlier, SAPA is highly structured and relies nearly completely on
' _process skill development. SCIS is more middle of the road with moderate
structure while ESS has littie or no structure in processes and content.,

. SaFA relies on strong adherance to an instructional hierarchy and
sequence of prerequi§ites. Teachers are given detailed lesson plans with
specific questions to a;k students.

_The basic SCiS‘methodology is a near €opy of the learning cycle men-
tiohed eaflier-while the strategies of ESS bear a resémblance, yet vary

-t 4 PR °

» mch from the generic learning cycle description,

Iy o~y
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An interesting phrase was coined by David Hawkins, the developer of
ESS. After children have been given general teacher instructions or a
sense of purpose, they are given an opportunity to "mess-about” with the
materials provided. Their purpose is to explore éﬁd try te fiqd answers,
but there is ample room for them to do so in a creative f;shion because
they arenot given precise instructions. ' As children "mess-about" they
discover at different paces and are multiply-programmed (second phase)
as the teacher gives them wide choices or prescribe learning tasks based

on their progress. This phase relies heavily on teacher observation and

use of quesahons as hints 6r suggestions to students. The laststage, - R
discussion sharing, permits groups or the entire.lass to share/compare ‘
their discoveries and suggest practical appligztions of newly discovered
concepts. The teacher usually provides active leadership during this
phasé. Hawkins insisted these instructional phases not be viewed in

a particular sequence. To reinforce his viewpoint he used symbols to
represent the phases, C), l& ,E].

Like ESS, be aware it is not necessary nor advisable to follow the
generic learning cycle in a strict sequence. The teacher is afforded th;
flexibility of ordering. the phases as best fits the children. Additional e
exploration and concept development may be necessary in some cases before
students are successful at gpplication. Also, additional exploration and

application exercises may enhanqe concept development. In general, the

less famiiiarxstudents are with the concepts to be learned, the more

hands-on learning opportunities are necessaxry. Remember, no amount of
reading, writing; or listening will substitute for real experiences'with

real things.
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5. Where can I find ldeas, aétivities, or heip?

Many very good products and publications are available for heiping
you find ideas or activities. I suggest you examine any old programs
or textbooks still in your possession. Look at them with an eye toward
process oriented activities and opporgpnities for developing childrens’
attitudes and values. I can't stress activities enough which afford stu-
dents opportunities for trying things for themselves. I suspect the
value of this 1is clear.

Beyond what you might already have, search through the shelves of

the local library with attention to books written expressly for children,
" or contact the college -or university near you. Most have someone able
and usually willing to help. Below are several of my favorite resources
you might wish to examine, some have been used as a reference for this
paper. In closing let me add that you shouldn't be afraid to give
% hands-on science a try. Even if the activitles don't work you can have
fun and stress the process skills to try to find out what went wrong --
with the help of your students! By all means place the emphasis on the
learner, for when children ...
... hear, ghey forget;
. see, they remember;

... but when they do, they understand.

15
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